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10 Cnoco6 aHajiH3a (J>H3HHecKHx h/hjih xhmhhcckhx 

cbohctb noBepxHOCTHoro cjioh TBepAoro Tejia (BapnaHTw). 

OSjiaCTB TeXHHKH 

15 H3o6peTeHHe othochtca k o6jiacTH aHajiH3a CTpyKTypBi 

nOBepXHOCTHBDC H ELpHIIOBepXHO CTHBIX CJIOeB TBepflBIX xeJI H HX 
<j)H3HHeCKHX H XHMHHeCKHX CBOHCTB C HCnOJIB30BaHHeM 
aKTHBHpyiOmHX B03fleHCTBHH. 

20 IlpeflniecTByio^HH ypoBeHB tcxhhkh 

riocKOJiBKy CTpyKTypa noBepxHOCTHoro cjioji TBep^oro 
Tena cymecTBeHHO OTJinnaeTCH ot CTpyicrypBi TBep^oro Tejia b 
o6*Beivie h 5 npaKTHHecKH, onpeaejweT ero noBeAemie b 

25 pa3JIHHHBIX Cpe^ax H B nOJie pa3JIHHHBIX CHJI, TO CBe^eHIM o 
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noBepxHOCTHOM cjioe TBepaoro Tejia otkpbibeueot nyrB k HayHHO- 
oSocHOBaHHoii MOAH^racaipiH noBepxHOCTH TBepfloro Tena c 
u;ejiBK> nojiyneHiM MaTepHajioB c acejiaeMBiMH onTHHecKHMH, 



5 JHOMHHeCU;eHTHBIMH H flpyrHMH CBOHCTBaMH, a TaioKe K 
ynpaBJieHHK) MHOrHMH Ba^KHBIMH B npaKTHHeCKOM OTHOUieHHH 
IIpOI^CCaMH, TaKHMH KaK pOCT KpHCTaJIJIOB, 3IIHTaKCHaJIBHOe H 

njia3MOXHMHHecKoe BBipamHBaHHe cnoeB, KaTanH3, co3,n;aHHe 

yjIBTpaTOHKHX IUieHOHHBIX nOKpBITHH MeTOflaMH JISHTMIOpa- 

io Bjiofl^ce h MOJieKyjMpHoft caMocSopKH, ynpoHHemie MaTepHajioB 
h pp., no3BOJi5noT Ha 6onee bbicokom ypoBHe npoBO^HTB 
KOHTpojiB KanecTBa noBepxHOCTH (noBepxHocrayio 
flec|)eKTOCKOiraio) npOMBiinneHHBix H3AejiHH, hto oco6eHHO 

Ba^ECHO B TaKHX o6jiaCTftX KaK 3amHTHBie IIOKpBITHH, MHKpO- H 

15 HaHO-3JieicrpoHHKa. 

H3BeCTHBI CnOCo6BI aHaJIH3a 4>H3HHeCKHX CBOHCTB 

TBepAoro Tejia, a hmchho, TeMnepaTyp h SHeprafl arcraBaijHH 
<|>a30BBix h penaKcai^HOHHBix nepexoAOB b HccjieayeMOM 
MaTepHajie nocpe^cTBOM flH^^epeHunajiBHOH CKaHHpyiomeH 
20 KajiopHMeTpHH, cm. B.A.BepniTeHH, B.M.EropoB, 
«,HH(i>(i)epeHnHajiBHafl CKaHHpyionjaa KajiopHMeTpnH b 
^H3HKOXHMira nojiHMepoB», JL, «Xhmhh», JleHHHipaflCKOe 
OTAeneHHe, 1990, cTp.74-81, a TaioKe c iiomoih;bio jmepHoro 
MarHHTHoro pe30HaHca, cm. iLPaSeK, «3KcnepHMeHTajiBHBie 

25 MeTOABI B XHMHH nOJIHMepOB>>, T.l, M., «MHp», 1983, cip.337. 



MexaHHHeCKHMH, 



aAre3HOHHBIMH, 



3JieKTpHHeCKHMH, 
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HeflOCTaTKOM 3THX Cn0C060B JIBJIfleTCil TO, hto c hx 

noMomsio nojiynaioT HH^opMaumo, OTHOcaiuyiocji ko BceMy 
oSteMy Hccjie,nyeMoro o6pa3ija h He OTpa^caiomyio b 
Heo6xoflHMoii CTeneHH cneijHcjraKy ero noBepxHocraoro cjioh. 
5 H3BecTeH cnoco6 aHajiH3a cj)H3HHecKHx cbohctb 

noBepXHocTHoro cjioh TBep,a;oro Tejia, b HacraocTH, 
onpe^ejieHiM TeMnepaTyp h 3HeprHH aKTHB axjHH (|>a30BBix h 
pejiaKcau;HOHHBix nepexo#OB, BKjnonaioniHH 6oM6apflHpOBKy 

nOBepXHOCTH nepBHHHBIMH ItyHKaMH HefiTpaJIBHLIX aTOMOB, 

io h/hjih 3JieKTpoHOB 5 h/hjih hohob, h/hjih c|)otohob, h/hjih 
peHTreHOBCKHX Jiyqefi, h perncTpai^mo btophhhbdc nyHKOB Tex 
»e caMBix 3apH5KeHHBix nacTHij, cm., HanpHMep, AX3aH#epHa 
«MeTOflBi aHajiH3a noBepxHocTH», M., «Mnp», 1979, ex. 63-64, 
76-77, 83-84, 88-89 (nomai ccbijikh npHJiaraeTca). 

15 ^aHHBifi cnoco6 npHiMT 3a npoToran HacToamero 

H3o6peTeHBm coraacHo BapHamy no nepBOMy nyHioy <|>opMyjiBi 
H3o6peTeHiM. 

npn 30H^HpoBaHHH (6oM6ap,a;HpOBKe) noBepxHocraoro 
cjioa TBep^oro Tejia nponexoflHT 3mhcchh 3apa>KeHHbix nacrau; 

20 (3JieKTpOHOB, HOHOB), HeHTpaJIBHBIX HaCTHlJ (aTOMOB, MOJieKyjl), 

({>otohob. HccjieflOBaHHe noBepxHocraoro cjioh TBepfloro Tena 
ocymecTBJWioT npn ero HenpeptiBHOH 6oM6apflHpoBKe, npn 
3TOM peracTpnpyioT HcxoAflnme yKa3aHHbie BBiine HacTHujj c 
y*ieTOM hx KOJiHHecTBa, 3HepreTHHecKoro h npocipaHCTBeHHoro 
25 (yrjioB BBixo^a) pacnpeaejieHHH. O^HaKo, yica3aHHbiH cnoco6, 



3AMEH5HOmHH JIHCT (UPABHJIO 26) 



WO 2004/025275 PCT/RU2003/000311 



npH kotopom ocymecTBJMeTCji nocTO^HHa^ h HenpeptiBHan 
6oM6apflnpoBKa noBepxHOCTH, o6ycjioBjiHBaeT He^cejiaTejiBHoe 
H3M6HeHHe (MOflH(^HKau;mo) HCCJieflyeMoro noBepxHOcraoro 
cjioh. KpoMe Toro, nocKOJiLKy HccneaoBaHira npoHCXOAflT, icaic 

5 npaBHJio, npH $HKCHpoBaHHOM 3HaneHHH TeMnepaiypLi 
TBep^oro Tena, mucaKOH HH<|)opMaii;HH o TeMnepaxypax h 
3HepriMX ^a30BBix h pejiaKcat(HOHHBix nepexo^OB b 
noBepXHOCTHOM cjioe c noMombio paccMaTpHBaeMoro cnoco6a 
HejiB35i; ecjiH >Ke HCCJieflOBarora npoH3BO,aflTCJi npn hcckojibkhx 

10 3HaneHiMX TeMnepaTypBi o6pa3ija, to npoHcxoflHT, 
MHoroKp axHan 6oM6ap,a;HpOBKa ero noBepxHOCTHoro cjioa, hto 

IIpHBOOTT K ero HeflOIiyCXHMLIM H3MeHeHH5IM H, 

cooTBeTCTBCHHO, HeAocxoBepHBiM napaMexpaM nepexoAOB. 

PfeBecTeH cnoco6 aHajiH3a (J)H3HHecKHX cbohcxb 

15 noBepxHOcraoro cjioa xBep^oro xejia, BKjnonaiomHH 
B03fleHCTBHe Ha noBepxHOCTHBin cjioh TBepfloro Tejia 
HH3KOTeMnepaTypHofi nna3Mofi (HTT1) c nocjieAyioiijeH 
A©3aKTHBaj^HeH noBepxHOcraoro cjioa h perncxpaijHeH cneKTpa 
TepMOjnoMHHeci^eHB[HH; HTTI, Hcnojib3yeMaji b stom cnoco6e 

20 B036yECAaeTCJi HeMOAyjiHpoBaHHBiM nojieM nacToxBi 40,68 MTij 
h HMeeT AaBJieHHe njia3Moo6pa3yiomero ra3a 0,1 MEap, 
npoAOJMCHTenBHocTB B03AeHCTBroi cocTaBjraeT ot 10 c ro 9 mhh, 
cm, A.A.Kalachev, etc., «Plasma-induced thermoluminescence - 
a new method of investigating supramolecular architectures and 

25 temperature transitions in polymers and other solid surfaces», 
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Applied Surface Science 70/71 (1993), p.p.295-298 (kohim 
npHJiaraeTca). 

3to TexHHHecKoe peineHHe npmwTO 3a npoToran 
BapHaHTa cnoco6a no TpeTBeiviy nyHicry <|>opMyjiBi H3o6peTemra. 
5 HeflocTaTKOM yKa3aHHoro cnoco6a flBjraeTca 

MOflH(|>Hn;HpyK)ni;ee B03AeHCTBne HTII c yica3aHHBiMH BBiine 
napaMeTpaMH Ha noBepXHOCTHBifi cjioh Hccjie^yeMoro o6pa3Eta, 
hto oSycjiOBjiHBaeT He#ocTaTOHHO aocTOBepHyio HH^opMaicmo 

O (|)H3HHeCKHX H XHMHHeCKHX CBOHCTB3X 3TOrO CJI05I. B nepByiO 

io onepe^B 3to o6ycjioBJieHO acecTKHMH ycnoBHSMH iuia3MBi, 

HCnOJIB30BaHHBIMH B npOTOTHne, a HMeHHO BBICOKHM J^aBneHHeM 

njia3Moo6pa3yiomero ra3a (0,1 MBap) h AJnrrejiBHBiM (10 ceK h 
6ojiBine) B03AeHCTBHeM nna3MBi Ha nosepxHocTB. 06a (jrarcropa 
npHBOflHT b npe3MepHOMy pa3orpeBy noBepxHocraoro cjioji h 
is ra6ejiH B03HHKaionpix aKTHBHBix coctohhhh yace b xo,a;e 
o6pa6oTKH. HanpHMep, kbk bh^ho H3 pnc. 4 npoTorana, 
HHTeHCHBHOCTB jiroMHHecijeHi];iffl, KaK npaBHJio, na^aeT c 
yBejiHHeroieM BpeMeHH o6pa6oTKH. KpoMe Toro, ynoMAHyTBie 
^cecTKHe ycnoBHH B03#eHCTBHJi npHBOAflT k apyraM <J)H3HKO- 

20 XHMHHeCKHM H3MeHeHIWM B aHaJIH3HpyeMOM nOBepXHOCTHOM 

cnoe. 

KpoMe Toro, b pe^cHMe H30TepMHHecKofi 
jnoMHHecijeHijHH (cm. fig.3 CTaTBH A.A.Kalachev, etc.) 
nojtyneHHBie corjiacHO H3BecTHOMy cnoco6y KpHBBie, 

25 HJIJIK>CTpHpyK>Hi;He 3aBHCHMOCTB (cnafl) TepMOJnOMHHeCE^eHUHH 
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OT BpeMCHH C MOMeHTa IipeKpameHHH B03#eHCTBHfl Hill Ha 

Hccne,nyeMBiH oGpaseii;, He hmciot KaKHX-JinSo xapaKTepHBix 
ocoGeHHOCTen; nosTOivry b #aHHOM cnocoSe 3a 3tot nepHOfl 
BpeMeHH KaKaa-Jin6o nojie3Haa HH<|>opMau;ira o CTpyrcrype 

5 nOBepXHOCTH HJIH IIOBepXHOCTHBIX <j)H3HKO-XHMHHeCKHX 

npoiteccax He nojiyneHa. YKa3aHHBie KpHBBie HcnojiB3yiOT 
tojibko KaK cpeflCTBO fljw onpefleneHira MOMeHTa fljra Hanana 
p&3 aKTHBaii;HH noBepxHOcraoro cnoa TBepfloro Tena nyTeM 
HarpeBa. 

10 

PacKptirae H3o6peTeHHH. 

B ocHosy HacTO^mero H3o6peTemra nonoaceHO penieHHe 
3aAa^H yMeHbmeHHH MOflH^HUiHpyiomero B03fleHCTBroi 
15 aKTHBHpyiomero H3JiyHeHHa Ha noBepxHOCTHBiH cjioh TBep^oro 
Tena, noBBiineHHe HH<j)opMaTHBHo cth h tohhocth H3MepeHHH. 

CornacHO H3o6peTeHHio no nepBOMy Bapnamy b cnoco6e 

aHaJIH3a (])H3HHeCKHX H/HJIH XHMHHeCKHX CBOHCTB 

noBepxHOcraoro cjioa Tsepfloro Tena, BKjnonaiomeM 
20 B03fleficTBHe Ha noBepxHO cthbih cjioh TBep^oro Tena 
H3JiyneHHeM b BH^e aTOMapHoro nynica h/hjih 3JieicrpoHHoro 
nyHKa, h/hjih MOJieicyjwpHoro nynica, h/hjih hohhoto nynica, 

H/HJIH <j)OTOHHOrO nyHKa H/HJIH HX KOM6HHailHH, fle3aKTHBau;Hio 

noBepxHOcraoro cjioh h peracTpaipno cnercrpa HcnycKaeMBix 

25 nOBepXHOCTHBIM CJIOeM KBaHTOB 3HepTHH, B03fleHCTBHe Ha 
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nOBepXHOCTHBIH CJIOH npOH3BO,ZJflT eflHHHHHBIM HMHyjIBCOM 

H3JiyHeHHH 5 a #e3aKTHBaijHK> noBepxHocTHoro cjioji TBep^oro 
Tejia ocymecTBJMiOT no OKOHHaHHH B03fleficTBira Ha Hero 
H3JiyneHHeM nyTeM BBmepacKH TBepzjoro Tena npH iioctohhhoh 
5 TeMneparype h nocjie^yiomero HarpeBa, npH 3tom cneKTp 
HcnycKaeMBix noBepxHOCTHBiM cjioeM TBep^oro Tena KBaHTOB 
3HeprHH peracTpHpyioT b npoijecce ,o;e3aKTHBai];HH 
noBepxHocTHoro cjioji, TaK hto 3 aperHCTpnpOBaHHBiH npn 
nocTOHHHOH TeivinepaType cneicip HcnycKaeMBix KBaHTOB 

10 3HeprnH AaeT HH<i)opMamno o cjiaSocBjraaHHBix cociojiHirax 
noBepxHocraoro cjioa h BpeMemi nojiypacna^a sthx 
coctojihhh, a 3aperHCTpHpoBaHHBiH npH HarpeBe cneKTp 
TepMOjnoMHHecu;eHitHH no3BOJiaeT cy^HTB o TeMnepaTypax 
4>a30BBix h pejiaiccaimoHHBix nepexo^OB b noBepxHocraoM 

15 cjioe; b BapnaHTe no n. 2 4>opMyjiBi H3o6peTeHira HMnyjiBC 
H3JiyHeHira 3 fleHCTByioiDjra Ha nccjieayeMyio noBepXHOCTB, 
HMeeT moiuhoctb ot 10" 5 ,q;o 10" 3 bt/cm 2 . 

PeajiH3aEi;iM OTJiHHHTejiBHBix npH3HaKOB nepBoro 
sapnaHTa cnoco6a oSycjioBJiHBaeT noHBJiemie y o6i>eKTa 

20 Ba^CHOrO HOBOrO CBOHCTBa - HCKJIIOHeHIie Heo6xO#HMOCTH 

3MHTHpoBaHHW Hccjie^yeMBiM noBepxHOCTHBiM cnoeM o6pa3ij;a 

aTOMOB, 3JieKTpOHOB, HOHOB H T.e. TCX HaCTHH, KOTOpBIMH 

ocymecTBJiaiOT nocTOHHHyio 6oM6ap;pipOBKy noBepxHocTHoro 
cjioh TBepaoro Tejia b TeneHne Bcero BpeMemi peracTpaujiH 
25 3JieMeHTapHBix HacTHn;. Bjiaro^apH B03^eHCTBHio Ha 
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nOBepXHOCTHBIH CJIOH TBepflOTO TeJia eflHHHHHBIM HMIiyJIBCOM 

H3JiyneHiM Majiofi MomHocra, nocne#yK>meH #e3aKTHBannH 
noBepxHOCTHoro cjioa h peracTpaipm HcnycicaeMBix KBaHTOB 
3HeprHH (cBeTOBog) nocjie OKOHnaHira 6oM6ap^npoBKH 



MOAHC^Hi^Hpyiomee B03,n;eHCTBHe H3JiyHeHira, noBBimaeTca 

TOHHOCTB H flOCTOBepHOCTB pC3yJIBTaTOB H3MepeHHH. 

CorjiacHO H3o6peTeHHio no BTOpOMy BapHamy cnoco6a 
(n.3 <|>opMyjiBi H3o6peTeHira) b cnoco6e aHajra3a <j)H3HHecKHX 

10 h/hjih xHMHHecKHx cbohctb noBepxHocraoro cjioji TBep^oro 
Tejia, BiononaiomeM B03fleftcTBHe Ha noBepxHOCTHBift cjioh 
TBepfloro Tena HH3KOTeMnepaTypHOH nna3MOH c nocjie^yiomefi 
Ae3aKTHBau;HeH noBepxHocraoro cjioji h peracTpaipieH cneKTpa 
TepMOjnoMHHecn;eHr(HH 5 HcnojiB3yioT HH3KOT6MnepaTypHyio 

15 njia3My c aaBjiemieM njia3Moo6pa3yiomero ra3a ot 0,04 #o 0,08 
MBap b TeneHHe ot 0,05 ro 5 c, peracTpHpyiOT cneKTpBi 
H3JiyneHiM npH hoctoahhoh TeMnepaType o6pa3ita h no 
kphbbim, HjijnocTpHpyiomHM cna# H30TepMiiqecKoii 

JHOMHHeCEte^HH C MOMCHTa npeKpameHIM B03fleHCTBHfl 

20 HH3KOTeMnepaTypHon njia3MBi Ha o6pa3eij, nojiynaiOT 
AonojiHHTejiBHyio HH^opMai^mo o 4>H3HKO-XHMHHecKHX 
peaicipMX b noBepxHocraoM cnoe TBepAoro Tena. 
npn peajiH3au;HH BToporo BapHanra cnoco6a 
npeflnoHTHTejiBHO ncnojiB30BaHne njia3MBi c BKJiaflBiBaeMOH b 

25 o6B6M MOIIJHOCTBIO OT 10~ 5 flO 10' 3 BT/CM 3 . 



5 noBepxHocraoro 



CJIOH 



3HaHHTGJIBHO 



CHH^CaeTCH 
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HapJIfly C HeMO^JIHpOBaHHLIM BBICOKOHaCTOTHBIM nojieM 

(10-10 Tn) 9 B036y»flaiomHM ruia3My, b cnoco6e no flaHHOMy 
H3o6peTeHHK> MoryT Gbitb ncnojiB30BaHBi pa3p^bi nocTO^HHoro 

TOKa, HH3KOHaCTOTHBie pa3p^BI (l-lO* Fu) H BBICOKOHaCTOTHBie 

5 pa3p5i,fl;Bi MO,nyjiHpoBaHHBie HH3KOH nacTOTOH. Moryr 
HcnonB3 ob aTBCH Taioice HMnyjiBCHBie pa3p)mBi c 
npoflOJi5KHTejiBHOCT«MH HMnyjiBca h npoMeaKyTica Me^K^y 
HMiryjiBcaMH b flHana30He 10" 6 -10 2 ceK. KpoMe Toro, b cnocoSe 
no AHHHOMy H3o6peTeHmo npe^ycMOTpeHa bo3moechoctb 
io H3M6HCHHH noTemi;Hajia Meacfly flepEcarejieM o6pa3ija n 
njia3Mon. 

Pa3nnHHBie ranBi njia3M npHBO^T k pa3JiHHHBiM 

nJIOTHOCTJIM B03HHKaK)ni;HX JIEOMHHeCEtCHTHBIX nOBepXHOCTHBIX 
U;eHTpOB 5 K BapBHpOBaHHIO THnOB 3THX IjeHTpOB H HX 

15 pacnpefleneHHH no niy6nHe noBepxHocraoro cjioh, T.e. 
ncnojiB30BaHHe yKa3aHHBix pa3JiHHHBix ranoB pa3p5moB hieii 
jho6bix hx KOM6nHai^HH pacmnpaeT bo3M02Chocth TexHOJioran h 
no3BOJMex pacninpHTB KJiacc aHajiH3npyeMBix oSbeKTOB. 

PeajiH3an;H)i OTJiHHHTejiBHBix npH3HaKOB BToporo 

20 BapnaHTa cnocoSa oSecnennBaeT cymecTBeHHoe cHroiceHHe 
MOAH4)Hu;Hpyiomero B03#eHCTBira HTIT Ha noBepXHO cthbih 
cjioh TBepfloro Tejia. KpoMe Toro, npn npeflJioaceHHOM 
CHH«eHHH flaBJierora njia3Moo6pa3yiomero ra3a, h 

OAHOBpeMeHHO C 3THM yMeHBIIieHHH 3KCn03HIJHH 

25 noBepxHocTHoro cjioji o6pa3n;a Heo^CHflaHHO bo3hhk hobbih, 



3AMEHJIIOmHH JTHCT (IIPABHJIO 26) 



WO 2004/025275 




PCT/RU2003/000311 



10 



flOBOJIBHO napaflOKCaJIBHBIH 3(])<i>eKT, KOTOpBIH COCTOHT B TOM, 
HTO B pe^KHMC H30TepMHHeCKOH JIIOMHHeCIjeHIJHH KpHBBie, 

HJiniocTpHpyiomHe ee cna/j c MOMeHTa npeicpameHHfl 
B03flencTBiM HTII Ha o6pa3eu;, npnoSpeTaiOT xapaKTepHBie 

5 OCoSeHHOCTH, flaiOmHe HH<J)OpMaE[HIO O ^)H3HKO-XHMHHeCKHX 

peaicijHflx b noBepxHocraoM cjioe TBep#oro Teua, KOTopaa He 
Morna 6bitb nojiyneHa npn napaMeTpax HTII, HcnojiB30BaHHBix 
b npoTorane. 

3aflBHTeneM He BBMBJieHBi hctohhhkh, co#ep}*camHe 

10 HHCjDOpMaiJHK) O TeXHHHeCKHX pemeHHHX, HAeHTHHHBIX 

HacTO^meMy H3o6peTemno, hto no3BOjraeT c^ejiaTB bbiboa o ero 

COOTBeTCTBHH KpHTepHK) «HOBH3Ha» (N). 

3asBHTejieM He oGHapyaeeHBi KaKHe-JinGo hctohhhkh 
hhcJ) opMaijHH, coAepacanjHe CBefleHHH o bjihhhhh 3asBJieHHBix 

15 OTJIHHHTeJIBHBIX npH3HaKOB Ha flOCTHraeMBIH BCJieflCTBHe HX 

peajiH3an;HH TexHHHecKHH pe3yjiBTaT. 3to, no MHemiio 

3aHBHTeJIH, CBH#eTejIBCTByeT O COOTBeTCTBHH flaHHOTO 

TexHHHecKoro peinerara KpHTepHio «H3o6peTaTejiBCKHH 
ypoBeHB» (IS). 

20 

KpaTKoe onncaHHe HepTeacen 

3 a$iB jieHHBiii cnocoS (BapHaHTBi) HJiJiiocTpHpyeTCfl 
HepTe»caMH, Ha KOTOpBix H3o6pa»ceHo: 
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Ha 4>nr. 1 - 6jioK-cxeMa ycTpoHCTBa pjisi peajiH3anHH aaHHoro 
cnoco6a; 

Ha <}>Hr. 2 - cneKTp HcnycKaeMBix noBepxHOCTHBiM cnoeM 
o6pa3Ha KBaHTOB CBeTa npH nocrojiHHOH TeMnepaType nocne 
5 B03fl;eHCTBHfl aTOMapHoro nynKa (npHMep 1); 

Ha <i>Hr. 3 - cneKTp npn B03fleHCTBHH aTOMapHoro nyHKa npn 
HarpeBe (npHMep 1); 

Ha <}>Hr. 4 - cneKTp HcnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3Eta KBaHTOB CBeTa npH nocToaimoH TeMnepaType nocjie 
10 B03fleHCTBHa aTOMapHoro nyHKa (npHMep 2); 

Ha (J)hi\ 5 - cneKTp npn B03fleHCTBHH aTOMapHoro nyHKa npn 
HarpeBe (npHMep 2); 

Ha (jrar. 6 - cneKTp HcnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3na KBaHTOB CBeTa npn nocTOJiHHOH TeMnepaType nocjie 
15 B03AeHCTBHa 3JieKTpoHHoro nyHKa (npHMep 3); 

Ha <j)Hr. 7 - cneicrp npn B03fleHCTBHH sjieKrpoHHoro nyHKa npH 
HarpeBe (npHMep 3); 

Ha <J>ht. 8 - cneKTp HcnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3na KBaHTOB CBeTa npH nocToaHHofi TeMnepaType nocne 
20 B03fleHCTBHfl MOJieKyjuipHoro nyHKa (npHMep 3); 

Ha <i>Hr.9 - cneKTp npn B03^eHCTBHH MOJieKyjiapHoro nynKa npH 
HarpeBe (npHMep 3); 

Ha (Jrar.lO - cneKTp HcnycKaeMBix noBepxHOCTHBiM onoeM 
o6pa3na KBaHTOB CBera npn nocTOJiHHOH TeMnepaType nocjie 
25 B03fleiicTBHH hohhoto nyHKa (npHMep 3); 
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Ha 4rar.ll - cneKTp npn B03fleHCTBHH HOHHoro nynna npn 
HarpeBe (npHMep 3); 

Ha (fear. 12 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3u;a KBaHTOB CBera npn nocTOHHHOH TeMnepaType nocjie 
5 B03fleficTBHH ^OTOHHoro nynKa (npmviep 3); 

Ha (Jrar.13 - cneKTp npn B03,q;eHCTBHH (|)OTOHHoro nyHKa npn 
HarpeBe (npHMep 3); 

Ha (^Hr.14 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3ii;a KBaHTOB cseTa npn HarpeBe nocjie nocjieAOBarejiBHoro 

10 B03aeHCTBHH aTOMapHoro, ajieKTpOHHoro, MOJieKyiwpHoro, 
HOHHoro h 4>OTOHHoro nyHKOB (npHMep 4); 
Ha (jrar.15 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cnoeM 
o6pa3n;a KBaHTOB CBeTa npn HarpeBe nocjie nocjie/joBaTejitHoro 
Bos^eHCTBH^ 3JieKTpOHHoro, MOJieKyjrapHoro H HOHHOTO nyHKOB 

is (npHMep 5); 

Ha (Jrar.16 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3ii;a KBaHTOB CBeTa npn HarpeBe nocjie nocjieflOBarejiBHoro 

B03tfeHCTBHfl SJieKTpOHHOrO, (J}OTOHHOTO H HOHHOTO ItyHKOB 

(npHMep 6); 

20 Ha <|>Hr.l7 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3ita KBaHTOB CBeTa npn HarpeBe nocjie nocneAOBarejiBHoro 
B03^eHCTBHH aroMapHoro h hohhoto ny^ncoB (npHMep 7); 
Ha <j)Hr.l8 - cneKTp ncnycKaeMBix noBepxHOCTHBiM cjioeM 
o6pa3ii;a KBaHTOB CBeTa npn nocTOHHHOH TeMnepaType nocjie 

25 B03fleHCTBira HTII (npHMep 8); 
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Ha (|>hi\19 - cneKTp npH bo3achctbhh HTTI npH HarpeBe 
(npHMep 8); 

Ha <J>hi\20 - cneiop npH o6jiyneHHH o6pa3ija no npHMepy 8 HTTI 
c napaMeTpaMH, onncaHHbiMH b npOTorane; 
Ha <j)Hi\21 - cneKTp HcnycKaeMbix noBepXHocrabiM cjioeM 
o6pa3u;a KsaHTOB CBeTa npH nocTOflHHOH TeMnepaType nocjie 
B03fleHCTBHH HTTI (npHMep 9); 

Ha $iir.22 - cneKTp npH B03AeficTBHH HTII npH HarpeBe 
(npHMep 9). 

JlynuiHH BapnaHT ocymecTBjieHHH H3o6peTeHira 

Jlflsi peajiH3aii;HH cnocoSa b KOHKpeTHOM npHMepe cjiyaarr 
ycTpoiiCTBO, KOTOpoe BKJiioHaeT BaKyyMHyio Kaivrepy 1, 
is BbinojiHeHHyio H3 HepacaBeiomeH CTajiH, CHa6^ceHHyio 
onTHHecKHM okhom 2, BBHionHeHHbiM H3 onnraecKoro KBapija. B 
BaKyyMHofi KaMepe 1 pacnonoaceH aepaeaTejib o6pa3n;a, 
BbmojiHeHHbiH b BH^e eMKocra 3 H3 Mean. Ha ee HapyacHoii 
noBepxHOCTH 3aKpenjieH HccjiejayeMbiH o6pa3eu; 4 TBepaoro 
20 Tejia. B KOHKpeTHOM npHMepe o6pa3eij 4 3aKpen;ieH c noMombio 
npy^oiHHbix KOJieEt (Ha nepTeace He noKa3aHbi). EMKOCTb 3 
3aKpbiTa KpbrancoH 5 c OTBepcraeM 6 rjisl no^ann xjia^areHTa, b 
nacTHOCTHj ^CHflKoro a30Ta. BHyTpH eMKocra 3 pa3Mem;eH 
HarpeBaTejib 7, a Ha ee Hapy^CHOH noBepxHOCTH ycTaHOBJieHa 
25 xpOMejib-amoMejieBaa TepMonapa 8. Yctpohctbo TaiOKe 



5 



10 
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BKjnoqaeT reHeparop 9, H3 Jiynaio lu;hh 3jieKTpoMarHHTHBie 
KOJie6aHHa c nacTOTOH lSMTu,. SjieKTpoa 10 reHeparopa 9 
pacnojiojKeH b BaKyyMHOH KaMepe 1. HHHHHarop 11 
3JieKTpHHecicoro pa3p>ma npeflCTaBJiaeT co6oh bbicokobojibthbih 
5 TpaHc<|>opMaTop; npn 3aMBiKaHHH-pa3MBncaHHH nepBHHHOH 
o6motkh oh BBwaeT co btophhhoh o6motkh HMnyjiBCBi 
Hanpa^ceHHeM 20 kB, KOTopBie no^aioTca Ha sjieierpofl 12, 
pacnojioaceHHBiH b BaKyyMHOH KaMepe 1. ^jihtcjibhoctb 
ajieKTpHHecKoro pa3pjma 3anaeTca c noMonjBK) TafiMepa (Ha 

10 nepTeace He noKa3aH). .ZJapraK 13 HH3Koro BaicyyMa rana 
«6apoTpoH» pa3Meni;eH Ha HapyacHOH noBepxHocTH BaKyyMHOH 
KaMepBi 1 h coo6maeTCJi c ee nojiocTBK). BaKyyMHaa KaMepa 1 
CHa6»ceHa MaracTpajiBio 14 kjw co3,o;aHHfl b Hen BaicyyMa ,n;o 
1-10" MM.pT.CT., a TaiOKe MaracTpajibio 15 pjia no^ann ra30B b 

15 BaKyyMHyio KaMepy. B KOHKpeTHOM npHMepe HcnonB30BaH 

BOflOpOfl, HO B03M03KHO HCnOJIB30BaHHe KHCJIOpOfla, a30Ta, 
HHepTHBIX ra30B H Pp. YCTpOHCTBO COflepHCHT Cpe^CTBO 

peracTpaHHH nojiynaeMOH HHcjjopMaHHH, KOTOpoe BKmonaeT 
KOMnBK>Tep 16 c mohhtopom h 6jiok 17 conpjDKeHHa 

20 KOMnBRDTepa 16 C HIHHOH 18 C60pa flaHHBIX. BJIOK 17 COflepHCHT 

aHajioro-im^poBofi npeo6pa30BaTejiB -rana AD-7858, 
MHKponpoHeccop AD8080 h hctohhhk nHTaiomnx HanpH^ceHira 
rsvi 3JieMeHTOB ycTpoficTBa, KoropBie no^aroTca Ha nmwy 19. Ha 
Hnmy 19 no^aiOTCH nepe3 6jiok 17 KOMaHj(Bi ynpaBJieHHa ot 

25 KOMnBRDTepa 16. 
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YCTpOHCTBO COflepHCHT 6jIOK 20 4>OpMHpOBaHHJI 

aTOMapHoro h/hjih MOJieKyjiapHoro, h/hjih HOHHoro, h/hjih 
aneiopoHHoro, h/hjih ^oTOHHoro nyHKOB. Bjiok 20 coaepJKHT 
aTOMH3aTop c 3JieMeHTOM <t>opMHpoBaHH5i y3KOHanpaBJieHHoro 
5 nyHKa, b Bime coBOKynHocra KanHJunrpoB c ^HaMeTpoM 20 mkm, 
CHCTeMy (J>opMHpoBaHHji MOJieKyjiapHoro nyHKa, BKJHOHaioiiiyio 
MarHCTpajifc 21 fljia no^a^n ra3a h sjieMenT b BH^e 
coBOKynHOCTH KanHJiJiapoB TaKoro ace anaMeTpa, HOHHyio 
nyniKy, sjieKTpoHHyio nymKy h pTyrayio JiaMny rana ^UpiII-100 
10 fljiH c^opMHpoBaHHfl <J>oTOHHoro nynca. Bjiok 20 coflepacHT 

CpeflCTBO flJIfl C03,HaHHfl e#HHHHHMX HMHyjIBCOB yKa3aHHBDC 

ny^KOB: KJianaHBi, 3annpaioniHe 3jieKTpo,zn>i h T.n. BBixoflHaa 
MarncTpajiB 22 6jioKa 20 BMBe/jeHa b BaKyyMHyio KaMepy 1. 
YcTpoHCTBO b paccMaTpHBaeMOM HacraoM cjiynae, 
15 HJijnocTpHpyiomeM peajiH3anHK> cnoco6a, TaioKe CHaSaceHO 
cpe^cTBOM aHajiH3a no ^jiHHaM bojih KBaHTOB cBeTa, 
H3JiyHaeMBix noBepxHocrabiM cnoeM o6pa3na 4, KOTopoe 
co^ep»CHT MOHoxpoMarop 23 rana M#P-3, k BBixony KOTOporo 
no^KjnoHeH 4>OToyMHoaoiTejiB 24 rana 03Y-68 (BMecTO 

20 MOHOXpOMaTOpa B HaCTHBDC CJiy^aHX MOJKHO HCnOJIB30BaTB 

cBeTO$HJiBTpBi). MoHOxpoMaTop 23 conpaaceH c onranecKHM 

OKHOM 2, KOTOpOe HMeeT CO CTOpOHBI BaKyyMHOH KaMepBI 1 

3KpaH 25 turn OTceneHHa H3JiyH6HHa H3 BaKyyMHOH KaMepBI, 
KOTopoe Morjio 6bi BtoBaTB jnoMHHecneHHHio MaTepHana oKHa 2 
25 hjih HapynieHHe ^yHKHHH ^eTeKTopa b xo^e aKTHBannoHHOH 
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o6pa6oTKH (HanpHMep, «ocjieiuieHHe» €>3Y). KpoMe Toro, 
ycTpoficTBO CHa6aceHO ^aTHHKOM 26 BBicoxoro BaKyyivia rana 
IMi-2, ycTaHOBJieHHBiM Ha HapyacHOH noBepxHocra 
BaKyyMHofi KaMepBi 1 h coo6maK>mHMC5i c ee nonocTBio. 
5 YcTpoHCTBO TaiOKe coAep^KHT flonojiHHTejiBHyio eMKOCTB 27 fljra 
xjia^areHTa, CHaSaceHHyio kpbiihkoh 28 c OTBepcraeM 29 fljra 
no^aHH xjiaAareHTa. Emkoctb 27 ycTaHOBJieHa BHyTpH 
BaKyyMHOH KaMepBi 1 . 

Cnoco6 no nyHKTy 1 (|>opMyjiBi H3o6peTemra peajiH3yiOT 
10 cjie^yiomHM o6pa30M. 

<D6pa3eij 4 3aKpenjunoT Ha flepacarene o6pa3ii;a b BH^e 
eMKOCTH 3 h noMemaiOT b BaKyyMHyK) KaMepy 1; H3 BaKyyMHOH 
KaMepBi 1 OTKa^HBaiOT B03«yx nepe3 MarncTpariB 14 #0 
ocTaroHHoro flaBJiemra b BaKyyMHOH KaMepe He 6ojiee 5 neM 

15 1-10 7 MM.pT.CT. ^aBJieHHe KOHTpOJIHpyeTCH flaTHHKOM 26 

BBicoKoro BaKyyMa. 3aTeM flonojiHHTejiBHaa cmkoctb 27 
3anojnraeTCJi xjiaaareHTOM, npn 3tom Ha ee noBepxHOCTH 
a,a;cop6HpyEOTCfl ocTaroHHBie ra3Bi h napBi boabi. Ilpn noMonjH 
3KpaHa 25 onraHecKoe okho 2 OTceKaioT ot H3JiyHeHHfl H3 
20 BaKyyMHOH KaMepBi. 3areM, H3 KOMnBioTep a 16 nepe3 6jiok 17 
no iiniHe 19 noflaiOT Heo6xo#HMBie KOMaHflti Ha 6jiok 20 
4>opMHpOBaHiM aTOMapHoro h/hjih MOJieicyjrapHoro, h/hjih 

HOHHOrO, H/HJIH 3JieKTpOHHOrO, H/HJIH ^OTOHHOrO IiyHKOB H 

npoH3BOflHT B03#eHCTBHe Ha noBepxHo cthbih cjioh o6pa3n;a 
25 eAHHHHHBiM HMnyjiBcoM KaKoro-jin6o nyHKa, jih6o 
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IIOCJieflOBaTejIfcHO eflHHHHHBIMH HMIiyjIBCaMH pa3JIHHHBIX 

nyHKOB. JJjin co3flaHHfl aTOMapHoro h MoneKyjiapHoro nyHKOB 
no MaracTpajiH 21 b 6jiok 20 4>opMHpoBaHHa nyHKOB no^aiOT 
ra3, b KOHKpeTHOM npHMepe Bo,n;opofl. CyMMapHaa moiuhoctl 
5 H3JiyHeHira Ha eflHHHuy rniomazm HccjieflyeMofi noBepxHoera 
Haxo«HTC£ b npe^ejiax ot 10' 5 no 10" 3 bt/cm 2 . no OKOHHaHHH 
B03^eHCTBHx H3JiyHeHHeM TBepfloe Tejio BBwepacHBaioT npn 
nocTOHHHOH xejvinepaType h 3anHCLiBaioT cneicrp HcnycxaeMBix 
noBepxHocTHtiM cjioeM TBep,u;oro Tejia KBaHTOB sHepraH, b 
io HacTHocxH, cBeTa. flna 3anncH h aHajiH3a KBaHTOB no fljnmaM 

BOJIH HCnOJIB3yiOT MOHOXpOMaTOp 23 H ^OTOyMHOMCHTeJIB 24, 

BBixoflHoS cnrHan KOToporo nocTynaeT Ha niHHy 18 c6opa 
^aHHBix h flanee <iepe3 6jiok 17 b KOMnBK>Tep 16. 3aTeM b 
KOHiqjeTHOM npHMepe npoH3BO,naT HarpeB o6pa3na 4 

15 HarpeBaTejieM 7, ocyinecTBJUM kohtpojib TeMnepaTypbi o6pa3na 
TepMonapofi 8; bosmohcho b HacraBix cjiynaax HcnojiB30BaHHe 
flpyrnx cpe^cxB kohtpojm TeMneparypBi. Cnraajibi c TepMonapti 
8 h ot <J)OToyMHO»CHTejifl 24 nocTynaiOT Ha niHHy 18 c6opa 
flaHHbix h nepe3 6jiok 17 b naMso-B KOMntK>Tepa 16 fljia 

20 nocjicnyiomeH o6pa6oTKH. 

B npHMepe 1 HccjiezjoBajiocB B03#eHCTBHe Ha 

nOBepXHOCTHBIH CJIOH nOJIH3THJieHa HH3KOrO AaBJieHHfl MapKH 

MOPLEN (M w =l 14000), 3aKpHCTajniH30BaHHoro npn 
TeMneparype, 6jih3koh k TeMnepaType njiaBJiemui, H3jryHeHHa b 
25 BHfle e^HHEraHoro HMnyjitca aTOMapHoro nyHiea BOflopozja. 
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Moujhoctb H3JiyHeHira, #eHCTBOBaBinaa Ha eflHHimy iuioma^H 
Hccjie^yeMOH noBepxHocra, cocTaBHJia 210~ 5 bt/cm 2 . 
3aperacTpHpoBaHHBiH cneKTp HcnycKaeMBix noBepxHOCTHBiM 

CJIOeM IIOJIH3THJieHa KBaHTOB 3HeprHH IipH nOCTOJIHHOH 

5 TeMneparype OTo6paEcaeTCH rpa^HKOM Ha (|>Hr.2. Ha rpa<|)HKe 

BHflHBI #sa MaKCHMyMa, KOTOpBie ^aiOT HH(J)OpMau;HIO o 

cjia6ocBH3aHHBix coctohhhhx noBepxHocraoro cjioh flaHHoro 
MarepHajia h BpeMemi nojiypacna^a 3thx coctohhhh. EEpH 
HarpeBe MaTepnajia perHCTpHpOBajica cneierp 

10 TepMOJHOMHHecu;eHii;HH ((j)Hi\3). EIojio^ceHHe MaKCHMyMOB Ha 
rpa^HKe no3BOjraeT cy^HTB o TeMnepaTypax (|>a30BBix h 
pejiaKcan;HOHHBix nepexo,a;oB b noBepxHOCTHOM cnoe 
HccneflyeMoro o6pa3ija. 

B npHMepe 2 nccjieflOBajic* o6pa3eu; H3 3aKajieHHoro 

15 nojiH3THJieHa toh ace MapKH npH Tex Ece ycjiOBHax, hto h b 
npHMepe 1. CneKTpBi HcnycKaeMBix noBepxHOCTHBiM cjioeM 
KBaHTOB cBeTa OTo6pa^ceHBi Ha (j>Hr.4 (npH nocTOAHHoii 
TeivinepaType) h Ha 4>hi\5 (b npoijecce Harpesa). 

ConocTaBJieHHe cneKipoB HcnycKaeMBix KBaHTOB CBeTa 

20 OflHHM H TeM 7KQ MaTepHaJIOM, HO npHrOTOBJieHHBIM pa3JIHHHBIM 

o6pa30M, no3BOJMeT bbmbhtb cynjecTBeHHyio pa3HHuy b 
CBOHCTBax noBepxHocraoro cjio* MaTepnajia. 

B npHMepe 3 Hccjie^oBancfl 3aKajieHHBifi o6pa3eu; H3 
nojiH3THJieHa MapKH MOPLEN (M w = 114000). OcymecTBjwjiocB 
25 nocJieflOBarejiBHO B03^eHCTBHe Ha noBepxHOCTHBiS cjioh 
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o6pa3E[a eflHHHHHBiMH , mvmyjiBcaMH cneayionjHx nyHKOB: 
3JieicrpoHHoro, MOJieKyjiapHoro, hohhoix), <j)OTOHHoro; 
cooTBeTCTBeHHO, nocjieflOBarejiBHO peracTpHpoBajiHCB cneKTpBi 
HcnycKaeMBix KBaHTOB CBeTa KaK npn nocTO^HHoii TeMnepaType, 
5 TaK h b npoijecce HarpeBa (4>m\ 6 h 7, 8 h 9, 10 h 11, 12 h 13, 

COOTBeTCTBeHHO). CyMMapHaa MOiqHOCTB H3nyHeHHfl Ha 

eAHHHijy noBepxHOCTH neTBipex yKa3aHHBix BBinie eAHHHHHBix 
HMnyjiBcoB cocTaBHJia 10" 3 bt/cm 2 . Ka5K#Biii bh# H3JiyHeHira 
B03MymaeT onpeflejieHHBie, cneu;Hc[>HHecKHe ^jih Hero 
10 coctokhhh noBepxHOCTHoro cjioa o6pa3ija; 3to no3BOjraeT 6ojiee 

nOJIHO H TOHHO CyflHTB O pa3JIHHHBIX (|>H3HHeCKHX H XHMHHeCKHX 

CBOHCTBax noBepxHOCTHoro cjioji (TeMnepaTypax 4>a30BBix h 
pejiaKcan;HOHHBix nepexo#OB, 3Heprerax aKTHBaijHH 3thx 
nepexoAOB, BpeivieHax nojiypacna^a cjia6ocBH3aHHBix 

15 nOBepXHOCTHBIX COCTOHHHH, npOTCKaHHH nOBepXHOCTHBIX 
XHMHHeCKHX peaKUHH H HX XIOpflflKe, H T.fl.) 

/JjM 3TOrO HCnOJIB3yK>TCa H3BeCTHBie 3aBHCHMOCTH, 

no3BOJDnomHe ocymecTBHTB nepexoA ot cneKTpos H3JiyHemra 
KBaHTOB CBeTa k CBOHCTBaM noBepxHOCTHoro cjio* TBep^oro 
20 Tejia. HanpHMep, Han6ojiee BaacHBiii napaMeTp - 3Heprmo 
aKTHBau;HH penaKcaujioHHoro nepexo^a (Ep) mo^kho HaxoflHTB 
H3 cooTHoniemra: 

RT 2 

Ep = 



T-T 

max 
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rjjfi R - ra30Baa nocTOAHHaa, 

T ' - TeMnepaiypa BBicoKOTeMnepaTypHofi ctopohbi 
MaKCHMyMa, r^e hhtchchbhoctb JiroMHHec^mjHH na^aeT 

BflBOe. 

s T max - TeMnepaTypa BBicoKOTeivinepaTypHOH cropoHBi 

MaKCHMyMa, iyje hhtchchbhoctb JnoMHHedjemjHH 
MaKCHMajiBHa, 

riopimOK XHMHHeCKOH peaKIJHH, BBI3BIBaK>meH 

H30TepMHHecKyio JiK)MHHe^eHu;HK> 5 onpeflejMioT nyTeM 
10 npeo6pa30BaHira cneiopoB, cooTBeTCTByioupix HcnycKaHHio 
KBaHTOB cBeTa npH nocToaHHOH TeMnepaType b CHCTeMe 
KoopAHHaT: lnl - t, r#e I - hhtchchbhoctb JHOMHHecijeHijHH, t - 
BpCMH, a TttOKe B CHCTeMe Koop^HHaT: I - 1/t 2 . Ecjih 
3aBHCHMOCTB jiHHeHHas b nepBOM cjiynae, TO XHMHHeCKaa 
15 peaiojHii HMeeT nepBBifi nop^oK (pacnafl). Ecjih 3aBHCHMOCTB 
HHHeHHaa bo btopom cjiynae, to XHMHHecKaa peaioj;Ha HMeeT 
BTOpoii nopaflOK (peKOM6HHau;HH). 

B npHMepe 4 HccjieAOBajiocB cyMMapHoe B03#eHCTBHe 
nocjieflOBaTejiBHoro o6jiyHeHH5i e#HHHHHBiMH HMnyjiBcaMH 
20 aTOMapHoro, 3JieicipoHHoro, MOJieKyjrapHoro, HOHHoro h 

^OTOHHOTO IiyHKOB Ha nOB epXHOCTHBIH CJIOH nOJIH3THJieHa 

HH3Koro aaBJieHHH MapKH MOPLEN (M w = 114000), 
3aKpHCTajuiH30BaHHoro npn TeMnepaType, 6jih3koh k 
TeMnepaType njiaBJieHHH. CyMMapHaa moiijhoctb H3JiyneHH^ Ha 
25 e«HHHi^ noBepxHOCTH o6pa3E(a cocTaBHJia 510" 5 bt\cm 2 . ripn 
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HarpeBe MaTepnajia perHCTpupoBajicn cneKTp 

TepMOjnoMHHecLi;eHi];HH (cjmr. 1 4). CneKTp co^ep^cHT 

MHO^CeCTBeHHBie IIHKH, KOTOpBie n03BOJWK>T CyflHTB o 

TeMneparypax h SHeprcrax pejiaKcaipiH <£a30BBix h 
5 pejiaKcaaHOHHtix nepexo^oB. Oh OTJiHnaeTCH ot cneKTpoB 
TepMOJiK)MHHeci;eHu;ini 5 3aperHCTpHpoBaHHBix npn B03,a;eHCTBHH 
Ha TaKOH ace oSpaaeu,, eflHHHHHBix HMnyjiBCOB oTflenBHBix 
H3JiyHeHHii. Ka>K,zi;BiH bha o6jiyneHHii B03MymaeT onpefleneHHBie 
cneijH(j)HHecKHe rjisl Hero coctoshhh noBepxHOCTHoro cjioji 
io o6pa3u;a, Coctoahim, yaee npe^BapHTejiBHO B036yacfleHHBie 
KaKHM-TO o^hhm o6jiyneHHeM, HHane pearapyiOT Ha 
B03AeHCTBHe flpyroro oSjiyqeHira, hto no3BOjraeT #enaTB 
bbibo^bi o noBe^eHHH noBepxHOCTHoro cjio)i b cjiynae 
KOM6HHHpoBaHHoro B03^eHCTBHH ? hto nacTO peajiH3yeTC£ npn 

15 HCnOJIB30BaHHH BBICOKHX TeXHOJIOTHH. 

B npHMepe 5 HccjieflOBaraocB cyMMapHoe B03#encTBHe 
nocne^oBaTejiBHoro o6jiyHemra e^HHHHHBiMH HMnyjiBcaMH 
3JieKTpoHHoro, MOJieKyjMpHoro h hohhoto nyHKOB Ha 
noBepxHOCTHBiS cjioh TaKHM ace o6pa30M npnroTOBneHHoro 
20 o6pa3ii;a nojiHSTHJieHa HH3Koro flaBJiemra MapKH MOPLEN 
(M w = 114000), CyMMapHaa MomHocTB H3JiyneHHH Ha e#Hmmy 
noBepxHocra o6pa3ija cocTaBHJia 3,7- 10' 5 bt\cm 2 . IlpH HarpeBe 
MaTepnajia perHCTpHpoBajica cneKTp TepMOJiroMimecijeHijHH 
(4>ht.15). 
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B npHMepe 6 Hccjie#OBajiocB cyMMapHoe B03,zjeHCTBHe 
nocneflOBaTejitHoro o6jryqeHHJi e^HHHHHBiMH HMnyjiBcaMH 

3JieKTpOHHOrO, ^OTOHHOrO H HOHHOrO IiyHKOB Ha 
nOBepXHOCTHBlfi CJIOH TaKHM skq o6pa30M npHTOTOBJieHHOrO 

5 o6pa3ua noJiH3THJieHa HH3Koro aaBJieHHH MapKH MOPLEN 
(M w = 114000). CyMMapHaa mohjhoctb H3jryHeHHJi Ha eflmnnry 
noBepxHocra o6pa3na cocTaBHJia 3,2- 10" 5 bt\cm 2 . llpn HarpeBe 
MaTepnana peracTpHpoBajicH cneKTp TepMomoMKHecHeHUHH 
(4>Hr.l6). 

!0 B npHMepe 7 HccjiezjoBanocB cyMMapHoe B03,zjeHCTBHe 

nocjieflOBarenBHoro o6jryqeHHJi cahhhhhbimh HMnyjiBcaMH 
aTOMapHoro h HOHHoro nyncoB Ha noBepxHOCTHBra cjioh TaKHM 
ace o6pa30M npHroTOBJieHHoro o6pa3H.a nojiHsraneHa HH3Koro 
AaBneHHH MapKH MOPLEN (M w = 114000). CyMMapHaa 

15 MOHHiOCTB H3JiyHeHHfl Ha eflHHHuy noBepxHOCTH o6pa3ua 
cocTaBHJia 2,5- 10" 5 bt\cm 2 . IlpH HarpeBe MaTepnana 
peracTpHpoBanca cneKTp TepMOJiiOMHHecHeHHHH (<Jrar.l7). 



3aperaCTpHpOBaHHBIX OT o6pa3HOB, npHTOTOBJieHHBIX B 
20 OflHHaKOBBIX yCJIOBHJIX, HO nOflBeprHyTBIX B03fleilCTBHK> 

nocjieflOBaTejiBHBiM oojiyneHHeM c^hhhhhbimh HMnyjiBcaMH 
3JieKTpoHHoro, 4>OTOHHoro, MOJieKyjMpHoro, aTOMapHoro h 

HOHHOrO ir/HKOB B pa3JIHHHBIX KOM6HHaHH«X, no3BonaeT 

cflejiaTB BBiBOfl o xapaKTepe b 036y3K#eHHH noBepXHocTHBix 

25 COCTOJIHHH B KSOKflOM npHMepe. ITo nOJIOaceHHIO nHKOB 



CpaBHeHHe 



cneicrpoB 



TepMomoMHHeci^eHi(HH, 
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oijemiBaioT TeMnepa-rypti h 3HepreTHHecKHe xapaKTepHCTHKH 
<j)a30BBix h pejiaKcanHOHHBix nepexozjoB, iipoHcxoflflnpix npn 

pa3MOpa3KHBaHHH nOflBIEKHOCTH B036y>KfleHHOH nOBepXHOCTH. 

Cnoco6 no nyrocry 3 <|>opMyjiBi H3o6peTeroiH (btopoh 
5 BapnaHT) ocymecTBiwioT cjieayioinHM o6pa30M. 

OSpa3en 4 3aKpeiuunoT Ha flepHcarene o6pa3na b BH^e 
eMKOCTH 3 h noMemaiOT b BaKyyMHyio xaMepy 1; H3 BaKyyMHoii 
KaMepBi 1 OTKa^HBaioT B03,ayx nepe3 MarHCTpanB 14 flo 
ocTaTOHHoro ^aBJieHHa b BaKyyMHoii KaMepe He 6onee, neM 1-10" 

10 MM.pT.CT. ^aBJieHHe KOHTpOJIHpyeTCH flaTHHKOM 26 BBICOKOrO 

BaKyyivia. 3aTeM flonojimrrejiBHaa cmkoctb 27 3anojiHaeTca 
xjia#areHTOM, npn 3tom Ha ee noBepxHocTH aflcop6HpyK)TCfl 
ocTaTOHHtie ra3ti h napBi bo,zh>i. 3aTeM, no MarncTpajiH 15 b 
KaMepy 1 noaaiOT ra3 (BOflopoa) flo flaBJieroiH b KaMepe 1-0,1 

is MM.pT.CT. ^aBJiemie b KaMepe 1 KOHTpojrapyeTca flaTHHKOM 13 
HH3Koro BaKyyMa. BicniOHaiOT reHepaTop 9, CHa6aceHHBiH 
sjieKTpo^oM 10, a TaioKe HHHimaTop 11 sjieRTpureecKoro 
pa3pH^a, CHa6MceHHBiH sjieicrpoflOM 12, nocjie 3a»CHraHHa 
pa3pflfla b KaMepe HHHHHarop 1 1 BBiKJHonaeTca, a reHepaTop 9 

20 noflflepHCHBaer pa3pa^ b Teneroie 3a#aHHoro c noMom,BK> 
TaiiMepa BpeMenn b npe^ejiax ot 0,05 ceK ao 5 ceK c aaBJieiraeM 
njia3Moo6pa3yiomero ra3a ot 0,04 .zjo 0,08 MBap. 3anHCBiBaioT 
cneKTp HcnycKaeMBix noBepxHOCTHBiM cjioeM o6pa3na KBaHTOB 
3HeprHH (cBeTa) npn nocTOSHHOH TeMnepaType. Run 3anncH 

25 CneKTpOB HCnOJIB3yiOT MOHOXpOMaTOp 23 H 4>OTOyMH03KHTejIB 
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24, cm-Han ot KOToporo nocTynaeT Ha noray 18 coopa aamiBix, 
flajiee nepe3 6jiok 17 b KOMnLioTep 16. 3aTeM npoH3BoaaT 
HarpeB o6pa3Ha 4 HarpeBarejieM 7 c KOHTpojieM TeMneparypBi 
o6pa3Ha TepMonapoH 8. CHTHajiw c TepMonapBi 8 h ot 
5 4>OToyMHO>KHTejM 24 nocTynaiOT Ha niHHy 18 c6opa flaHHBix h 
nepe3 6jiok 17 conpaaceHHa b naMsrrt KOMntioTepa 16 
nocjie^yiomeH o6pa6oTKH. 

B npHMepe 8 HccjieflOBajiocB B03#eHCTBHe HTn Ha 
noB epxHo cthbih cjioh jnoMHHo<|>opa MapKH Kll. Hcnojit30BaHa 
10 HTI1 c flaBJieHHeM njia3Moo6pa3yiomero ra3a 0,04 MBap c 
BKJiaflBiBaeMOH b ee o6bcm moihhoctbio 2-10" 5 bt/cm 3 b Tenemie 
0,05 ceK. PerHCTpHpoBajiHCb cneKTpBi H3jiyHeHHH KBaHTOB CBeTa 
npn nocTOHHHOH TeMnepaType o6pa3ua (<f>Hi\18) h b pejKHMe 
TepMOJnoMHHecHeHHHH (<|>Hr.l9). MeTOflBi o6pa6bTKH cneKTpoB 
15 Te Mce caMBie, hto h b BBinieyKa3aHHBix npHMepax. OTMeneHo 
MHHHManBHoe MOjj,H<|>jmHpyK>mee B03«eHCTBHe H3JiyneHHfl Ha 
noBepxHocTHBra cjioh o6pa3ua. IlapaMeTpBi HTn o6ycjioBmiH 
no^BJieHHe hbho BBipaaceHHOH oco6eHHocTH cneKTpa yace b 
caMOM Ha^ajie perHcrpauHH JHOMHHeciieHHHH npn hoctohhhoh 
20 TeMnepaType, hto He HaSmoaajiocB npn oojryHeHHH o6pa3aa 
Toro 5Ke caMoro MarepHajia (b nopa^e KOHTpojia) HELT c 
napaMeTpaMH, onHcaHHBiMH b npoTOTHne (4>hi\20). 

B npHMepe 9 HcnojiB30BaHa HTI1 c aaBJieHHeM 
njia3MOo6pa3yiomero rasa 0,06 MBap b TeneHHe 4,5 ceK. 
25 06jryHajicH o6pa3en H3 nojiHanuieHa MapKH MOPLEN 
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(M w == 114000), 3aKpHCTajuiH30BaHHoro npH TeMnepaType 
6jih3koh k TeMnepaType miaBJiemra, CneKTp H3JiyneHiM 
KBaHTOB CBeTa npH iioctohhhoh TeMnepaType npHBe^eH Ha 
<jrar.21, npn HarpeBe - Ha 4>hi\22. 

5 

npoMBinineHHaa npHMemiMOCTB 

npeflJiOEceHHBiii cnoco6 (b apnaHTBi) ocymecTBjraeTCJi c 
noMomLio o6opy,n;oBaHiM ? H3roTOBjraeMoro b 3aBO#cKHx 

10 yCJIOBIMX C HCnO JIB3 OBaHHeM H3BeCTHBIX MaTepHaJIOB H 

KOMnjieKTyiomnx H3,n;ejiHH. IIo MHeHmo 3aflBHTejw, 
H3o6peTeHHe cooTBeTCTByeT KpHTepmo «npoMBiiHJieHHaji 

npHMeHHMOCTB» (IA). 
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OOPMYJIA H30EPETEHHJI 

1. CnocoS aHajiH3a (j>H3HHecKHX h/hjih xhmkhcckhx 
5 cbohctb noBepxHocTHoro cjioji TBepAoro Tejia, BKjnonaioiiiHH 
B03^eHCTBH6 Ha noB6pxH0CTHBiH cjioh TBep#oro Tena 
H3JiyneHHeM b Bime aTOMapHoro nynica h/hjih 3JieieipoHHoro 
nyHKa, h/hjih MOJieicyjMpHoro nynica, h/hjih HOHHoro nynica, 

H/HJIH (^OTOHHOrO IiyHKa H/HJIH HX KOMSHHaEtHH, fle3aKTHBaitHK) 

io noBepxHocTHoro cjioa h peracTpaijHio cneKTpa HcnycKaeMBix 

nOBepXHOCTHLIM CJIOeM KBaHTOB 3HeprHH, OTJIHHaiOmHHCH 
TeM, HTO B03fleHCTBHe Ha nOBCpXHO CTHBIH CJIOH npOH3BO#flT 
eflHHHHHBIM HMIiyJIBCOM H3JiyHeHH5I, a fle3aKTHBan;Hio 

noBepxHocTHoro cjioa TBep^oro Tejia ocymecTBjraiOT no 
is OKOHHaHHH B03,o;eHCTBiM Ha Hero H3JiyneHHeM nyTeM BBiflepacKH 
TBepfloro Tena npn nocTOJiHHOH TeMnepaType h nocne^yionjero 
HarpeBa, npH 3tom cneicip HcnycKaeMBix noBepxHo cthbim 
cnoeM TBepfloro Tejia KBaHTOB 3HeprHH peracTpHpyiOT b 
npoijecce p$3 aKTHB aijHH noBepxHocTHoro cjioh, tbk hto 
20 3aperHCTpnpoBaHHBiH npH nocTO^HHOH TeMnepaType cneKTp 
HcnycKaeMBix KBaHTOB 3HepraH .zjaeT HH^opiviaEtHio o 

C JiaSo CBH3 aHHBIX COCTOJIHHHX nOBepXHOCTHOrO CJI05I H BpeMeHH 

nojiypacna^a 3thx coctojihhh, a 3aperHCTpHpoBaHHBiH npn 
HarpeBe cneicip TepMOJiiOMHHecijeHijHH no3BOJDieT cy#HTB o 
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TeMnepaTypax <])a30BBix h pejiaiccaijHOHHBix nepexo^OB b 
noBepxHocTHOM cjioe. 

2. Cnoco6 no n.L, OTJiHHaiomHHca TeM, hto 
HMnyjiBC H3JiyneHHH, fleftcTByioiijHH Ha HccjieayeMyio 

5 noBepxHOCTt, HMeeT moiijhoctb ot 10" 5 flo 10' 3 bt/cm 2 . 

3. Cnoco6 aHajiH3a 4>H3iraecKHX h/hjih xhmhhcckhx 
cbohctb noBepXHOcraoro cjioh TBep^oro Tena, BKjnonaioiimH 
B03AeficTBHe Ha noBepxHOCTHBifi cjioh TBepfloro Tejia 
HH3KOT6MnepaTypHOH njia3MOH c nocjie^nyiomeH «e3aKTHBaii;HeH 

10 noBepxHOCTHoro cjioji h peracTpauneH cneKTpa 

TepMOJIIOMHHeCI^e^HH, OTJiHHaiomHfica TeM, HTO 

Hcnojn>3yK>T HH3KOTeMnepaTypHyio njia3My c flaBJieHHeM 
njia3Moo6pa3yiomero ra3a ot 0,04 flo 0,08 MBap b TeneHne ot 
0,05 pfl 5 c, perHCTpnpyioT cneierpBi H3JiyneHiDi npn 
15 nocTOAHHOH TeMnepaType o6pa3E[a h no kphbbim, 
HJunocTpHpyiomHM cnaA H30TepMiraecKOH jnoMHHe citeHipiH c 
MOMeHTa npeKpameHHH B03,zjeHCTBH$i HH3KOTeMnepaTypHOH 
njia3MBi Ha o6pa3eij, nojiynaioT #ononHHTejiBHyio HH(J)opMamno 

O (|)H3HKO-XHMHHeCKHX peaKIIHHX B nOBepXHOCTHOM cjioe 

20 TBepfloro Tejia. 
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